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PRESSUREDISTRIBUTIONON A SLOTTEDR.A.F,31AIRFOIL

IN THEVARIABLEDENSITYWINDTUNNEL.

ByEastmanN,Jacobs.

Summaxy

Measurementsweremadeinthevariabledensitywindtun-

neloftheNationalAdvisoryCommitteeforAeronauticstode-

terminethepressuredistributionoveronesectiomof a R.A.Fo

31 airfoilwitha leadingedgeslotfullyopen.Toprovide.
dataforthestudyof scaleeffectonthistypeof airfoil,the

testswereconductedwithairdensitiesof approximatelyone

andtwentyatmospheres.

Di8.gramsrepresentingthepressuredistributionoverthe

surfacesatseverslanglesof attack,asobtainedfromthe

testsatboththehighandthelowscale,aregiyentogether

sothatthescaleeffectonpressuredistributionmaybe stud-

ied. Curvesrepresentingthenormalforcecoefficientandthe

centerofpressureatboththehighandthelowscaleareplot-

tedagainstangleof attack.Vectorsrepresentingtheair

forcesontheauxiliaryairfoilintheopenpositionwerede-

ducedfromthehighscaletestsandplottedinordertoprovide

datafordesigninga mechanismforcontrollingtheslot.A .

ruleforestimatingtheairloadontheauxiliaryairfoilfor

stresscalculationsisalsodeduced.
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Introduction

Theslottedwingisnota newdevelopmentandextensive
.

modeltestshavebeencarriedoutinEnglandonthisformof

airfoil.However,thefullsc&Leinvestigationof slottedair-

foilshasbeenlimitedto a fewflighttests.Inviewofthe

smallsizeoftheslotandauxiliaryairfoilusedintestsof

slottedwingmodelsandinviewoftheobviousimportanceof

viscosityeffectswithinitheslots,ithasbeengenerallycon-

cededthata largescaleeffecton suchwingsmightbe expected.

A n investigationof scaleeffecton,slottedairfoilscanbe

carriedoutto advantageinthevariabledensitywindtunnel

becausetestsatbotha lowanda highscalecanbe madeunder

similarconditionsandtheresultsofthetwocompareddirectly.

An exten6iveprogramofforcetestson slottedwingsinthe

variabledensitywindtunnelhasbeenformulated,hut cannotbe

carriedoutforsometime. Inthemeantime,thedevelopment

of theautomaticleadingedgeslotforlateralcontrolhasin-

creasedthegeneralinterestin slottedairfoilsandtheneed

forfullscaletestzesults..‘

Theinvestigationofthedistributionofpressureoverone

slottedairfoil,coveredinthisreport,maybe consideredas
.

partofthismoreextensiveprograq.Itishopedthatthisin-

vestigation,whichcouldbemadee~lierthanthemoreexten-

siveone,willsupplysomemuchneededdataonthecharacteris-
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givesomeindicationastotheeffectofthedynamicscaleupon

the’maximumliftcoefficient.Furthermore,theresultsofthe

presentinvestigationprovidedataforstrengthcalculationson

boththemainandauxiliaryairfoilwhicharenotordinarily

obtainedfromforcetests.

Sinceonlyoneslottedcombinationwastobe testedatthis

time,itwasdesirableto chooseonewhichwouldhavegoodch=-

acteristics.TheR.A.I’.31 airfoilwaschosenbecauseextensive

testshadbeencarriedouton it inotherwindtunnels.The

BritishAeronautic~Rese~ch~o~itteehaddeterminedthe10-

catiomioftheatiiliaryairfoilwi$hrespectto themainairfoil

whichgavethehighestmaximumliftcoefficient(Reference2).

Thisairfoilwasdevelopedby thestaffoftheBritishAeronau-

ticalResearchCommitteeworkinginconjunctiorzwithMessrs.

HanclleyPage,Ltd.,inanefforttoproducea moderatelythigk

airfoilwhichwouldhaveverygoodhigh-speedchszacteristics

withtheslotclosedanda highmaximumliftwiththeslotopen.

TestsandAppsxatus

Pressuresweremeasuredat fifteenpointsalongonesection

onthesurfaceofeachairfoilatanglesofattackrangingfrom

-14°to+34° by three-degreeincrements.Thesetestsweremade

withair densitiesofaboutoneatmosphereandabouttwenty

atmospheres,thusgivingresultsforcomparisonwiththeresults

of othertunneltestsandalsoresultsat approximatelyfull
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scaleReynoldsNumber.

A.statementoftheprinciplesuponwhichthevariableden-

sitytunneloperatestogivefullscaleresults,anda descrip-

tion,ofthetunnel,maybe foundinReference1. However,the

descriptiontheregivenisof theoldtunnel.Therebuilttun-

nelisoftheopenthroat-type,asshomminthediagrammatic

crosssectionofFiguxe1:

Themodelandmountingareshovnmizr.Figures2 and3. The

ordinatesof,themodelR.A.F.31 airfoil‘astakenfromRefer-
. .
ence2 aregiveninTableI. Themodelwasconstructedtoa

scalesuchthatthechord’wouldhavebeen10 in-w$th,theslot

closed.Thespanofthemodelwas6 ft.,sothatitpassed

acrosstheopen

on eachsideof

werelocatedon

werebuiltinto

testsectionsqdwellintothedeaddr,space

the5-footjet. Allofthepressureorifices

thecenterlineofthetunnel.Onlyfifteen

eachairfoilbecausethephotom~ometerwhich

wasavailableforthesetestshadonlyfifteenpressureunits.

Themainairfoilwasmadeofmahoganyintowhichpressuretubes

werelaid. In ordezto saveexpense,onlythecentralportiorn

of theauxiliaryairfoilwasmadeofmetal.Thiswasslotted

to receivethepressuretubesandafterwardfilledwithsolder

andscrapedtogivea smoothsurface.

Fortheone-atmosphereteststheorifices

withthetubesof a manuallyoperatedmultiple

werecorm-ected

alcoholmanome-

tex. A recordofthedeflectionofthemeniscusineachtube
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wasmadeBy exposinga sheetofphotostatpaperplacedag@n5%

thetubes.Allpressuresweremeasuredwithrespecttothe

pressureinthedeadairspacesurroundingthejet. Theratio

of thedeflectionineaohtubetothedeflectionina tubecon-

nectedwitha calibratedstaticpressureorificeinthereturn

passageofthetunnelwasmultipliedbythecslibratiomfactor

to obtai~theratioofthe100sJ.pressuretothedynamicpres-

sme forplotting.

Forthetwenty-atmospheretestsitwasnecessarytousean

automaticphoto-recordingmanometer.A descriptionofa simi-

larinstrumentwillbe foundinReference5.

connectedwitheachunitofthemanometerand

allorifices

fiveseconds
~

wasmeasured

wererecorded

at eachahgle

independenty

simultaneouslyfor

An orificeWas

thepressuresm

a periodofabout

of attackwhilethedynamicpressure

by meansofan alcoholmanometer.con-

nectedtothestaticplate.Forseveralreasonstheresults

obtainedfromthetwehty-atmospherete~tsarenotasaccnrate

as

on

be

ic

in

thosefromtheone-atmospheretests.Thewidthofthelines

themanometerrecordswasof theorderofthatwhichwould

producedby pressurepulsationsof~10percentofthedynam-

pressure.Thepressurereadingswerealsosultjecttoerrors

thecqlibratiomofthemanometerunits.Themechanism.for

supportingtheairfoilandchangingtheangleofattack,shown

inFigure2,wasnotsufficientlyrigidtomaintaizmitscdibr~

tiozmaccuratelyunderthelargeformsencounteredduringa
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twenty-atmosphererun.

Results

Figures4 to9 representthepressuresonthesurfaoeof

theairfoilplottedagainsttheprojecteddist~cealong the

chordforseveraldifferentanglesof attack.Ineachfigwce

theresultsofboththeone–=d thetwenty-atmospheretests

aregiventogetherforcomparison.Alloftheresultsarefor

theconiiition.of theslotfullyopeq thatis,withtheauxili-

aryairfoilmountedinthepositiou,giveninReference2 as

thatwhichproducesmaximumliftforthesystem.
. InFigure10,norms3forcecoefficientsfor

slotted,airfoilareplottedagairrstt“heangleof.
correction be’ingmadeforaspectratioortunnel

thecomplete

attack,no

walleffect.

Curvesrepresentingthecoefficientofforceonthe

airfoilnormaltothechordofthemainairfoilam

In allcasesthecoefficientsarebasedon thearea

with theslotclosed~ .

amiliary

alsogiven.

of thewing

Pressuredistribution.diagramssimil~tothoseofFigures

4 to9, wereintegratedtoobtaimthepitchingmomentcoeffi~

cientabouta pointonthechordline. Thisdividedby the

coefficientofnorms forcegivesapproximatelythecenterof

pressuxe.Thecenterofpressurecoefficientssoobtainedare

plottedagainstangleofattackinFigure11. A s before,the.
resultsofboththeone-andtwenty-atmospheretestsaregiven

. together.
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To

airfoil

nitude,

providedataforstrengthosculationsontheauxiliary

anditssupport,vectorsrepresentingtheforcesinmag-

directionandpositiomactingon theauxiliaryairfoil

inthefullyopenpositionaredramninFig-me12.

Di s cus s i on

ScaleEffect,-Thisinvestigationisprobablythefirst

attempttomeasurethecharacteristicsof a slcttedwingunder

similarconditionsatbotha low~d a highReynoldsNumber.

Thisphaseof theinvestigationisofparticul~importancebe–
.

causetheresultsmayassistintheinterpretationofthere-

sultsofmanyotherlowscaletests.

Thescaleeffectmaybe studiedby referringto thepres-

suredistributiondiagrmsofFigures4 to9, andthedisgrams

ofnormalforcecoefficientinFigure10,wherecurvesrepre-

sentingtheresultsofboththelowandthe-highscaletests

azegiventogether.ThediagramsofFigures4 and5,whichcor-

respondapproximatelyto zeroliftandhighspeed,areoflit-

tleinterestincase-theslotiS automatic~lyclosedunder

theseconditions.Betweentheanglesof attackof10°(Fig.6),

where‘theslotwouldmormdlyopen,and16°(Fig.~),thebur--

blepointcfthehighscaletests,theliftonthe&uxiliary

airfoilandthenegativepressuresovertheup~ersurfaceof

themainairfoilaregreaterforthehighscaletests.Above

16°thecurvesofnormalforceatthehighscaleonboththe

...
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mainandauxiliaxyairfoil”sflattenout; whereas,forthelow

scaletests,thenormalforcecontinuesto increaseuntil-an

angleofattackofabout24°isreached.Athigheranglesof

attackthelowscalenormal.forcefallsoffonltoththemain

andauxiliaryairfoils,butthehighscalenormal.forceincrea6es

ontheauxiliaryairfoilup to ansngleofattackof31°(Fig.9).

A studyofthepressuredistributiondiagrmsindicates

thatthescaleeffectresultsprincipallyfromchangesinthe

flowwhichmodifythepressuresovertheuppersurfacesofthe

airfoils.Theeffectof scale

pointsoftheflowto occurat

AirfoilOh~acteristics.-

isalsoto causethecritical

differentanglesof attack.

Thecurvesofnormalforcecoef-

ficientinFigure10 indicateapproximatelytheformoflift

coefficientcurves.However,itmustbe rememberedthatthese

curvesrepresentforcesononlythecenterportionofa wing

whileforcetestsgiveanaverageloadingoverthewholewing.

Theliftcurveofanellipticalwingwheresllsectionswork

atthesameangleofattackprobablywouldapproachthisshape

morecloselythanthatof a wingofrectangularplanform, In

anyevent,itis evidentthatatfullscaletherewillbe no

suddenbreakin theliftcurveimmediatelyfollowingtheburble

pointsothattheadvantagesof a flat-topliftcurve,asout-

linedinReference3,maybe realized.At thesametime,the
maximumliftcoefficient.. isveryhighascomparedwithother

g00d high-speedairfoilswhichdonothaveabruptch~es in
.
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liftneartheburblepoint.
\

ReferringtoFigure11,it$sseenthatthemovementofthe

centerofpressureisnotexcessive~Athighanglesof attack,

up to 320,,thecenterofpressureremainswellforwardimstesii

~ ofrecedingas itwouldwiththesameairfoilwithouttheslot.

Forcesont~eAuxiliaryAirfoil.=An examinationofthe

resultsofthetwenty-atrmspheretestsindicatesthattheaux-

iliaryairfoil itselfburbleswhenthewingreachesanangle

of attackof approximately31°. Theforcesonit area maximum

justbeforereachingthisburblepoint,butbetween16°,where

the~ainairfoilbeginstoburble,and31°,wheretheauxiliary.
airfoilbeginstoburble,neithertheairforcenorthecenter

. ofpressureon theauxiliayairfoilchangesgreatly.Itis,

therefore,suggestedthattheairforcesat16°angleofattack,

theburblepointofthesystem,beusedasa basisforstress

calculationson theauxiliaryairfoilanditssupportingmech-

ani sm. Itisunlikelythatairspeedssufficientlyhighto

producelargerforceswouldeverbe obt@nedathigherangles

of attack.Thisanglealso.correspondsroughlywiththemost

forwardpositionofthecenterofpressureofthesysteq,22

percentofthechordbehindtheleadingedgeofthewing,,with

theslotclosed.ReferringtoFigure12,theairforceonthe

auxiliaryairfoilatthisangleofattackisnearlynorma3to

thechordoftheauxiliaryairfoil,passingthrougha point

43 per centofthechordbehindtheleadingedge,Themagni@de
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oftheforcecorrespondsto

projected~ea oftheauxili

308 10

a coefficientof2.35basedonthe

aryairfoilonitschord.This

valueis1.5timesthemaximumnormslforcecoefficientofthe -

systemasa whole.To sumup,theseresultsindicatethatthe

auxiliaryairfoilanditssupportshouldbe designedtowith–

standanairloadactingnormaltoitschordthrougha point

43percentofitschordbehinditsleadingedge.Thisload,

e~ressedi=poundspersquarefeetofareaoftheauxiliary

airfoil,maybe foundbymultiplyingthenormalwingloading

of theairplanewiththeslotclosedby thehighincidenceload

“factormndby thefactor1.5.

ThevectordiagramofFigure12 indicatesthatthereshould

be no difficultywiththedesigm.ofa suitablemech~ismfor

automaticallyopeningtheslotatanglesofattacknearthe

burblepoint.A completestudyofthissubjectwould,ofcourse,

requireaninvestigatiomoftheforcesactingontheauxiliary

airfoilwhenmountedin severslpositionsbetweenfullyopen:

andfullyclosed.Pressuredistri~tionmeasurementstakenon

em auxil$wyairfoilwiththeslotclosedwillbe foundinRef-

erence4. Theresultstheregivenshowthattheforcesonthe

airfoilintheclosedpositiondependto a considerableextent

.

.

on

at

to

howtheclosedslotisvented.It shouldusuallybe vented

the,topbecause,asa rule,thereis a tendencyfortheslot

opentooealy. .. .

Thediagramheregivenindicatesthatitwouldbepossible
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todesignanautomaticopeningand

be interconnectedwiththeaileron

withtheup-movitigailerornwithout

on theaileromcontzol.

Conclu

.

11

closingmechanismwhichcould

controltoclosetheslot

producingverylargeloads

sions

Thefullscalemsximumliftissomewhatlowerthanthemax-

imumliftindicatedbylowsoae tunneltestsontheslotted

R.A.F.31 airfoil,buttheliftdoesnotdropoffso suddenly

abovetheburble-point.

ThefullscalemaximumliftoftheslottedR.A.F.31 a,ir-

foilishighfora moderatelythicktirfoilhavinggoodhigh-

speedcharacteristicsandno abruptbreakinliftabovethe

burblepoint.

Theairloadon theauxilimyairfoilmaybe estimatedfor

purposesof stresscalculationby assuminga loadto actnor-

malto itschordthroqgha point43percentofitschordbe-
.
hinditsleadingedge.Thisloadperunitareaoftheauxili-

=Y airfoilmaybe foundby multiplyingthenormslwingloading

oftheairplanewiththeslotclosedby thehighincidenceload

factorandby thefactor1.5.

LangleyMemoris3AeronauticalLaboratory,
NationalAdvisoryCommittee-forAeronautics,

LangleyField,Vs.,March11,1929.

.

.
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TABLEI.

.

DimensionsofAuxiliaryandMainAirfoils

Alldimensionsaregivenasratiosofthedimensiomto
thechordofthesystemwithslotclosed

AuxiliaryAirfoil MainAirfoil
Distance Upper

fromleadingsurface
edge

o
:0025
,005
*010
.015
,02
,03
q04
●05
.06
0 o~
,08
,09
910
●11
● 12
,13
.1358

I .0085
●oly5
.0201
.0230
●0247
.0256
●0268
.0266
.0258
.0244
.0223
,0198
●0170
,01-ZO
● Oloy
.0072
.00~8

I ●0003

.0085
,0006
●0005
,0045
0ooy4
,0095
.0125
●0140
●0146
.0146
.0140
●0127
●0112,
,0092
,0069
●0044
.0015
●0003

0
.0125
.025
,05 ,
●10
.15
●20
.25
●30
.35
,40
.45
●50
.55
.60
.65

.85

.90

.95

.993

Upper

I

Lower
surfacesurface

.052

.078

.0~8

.102

.1185
9127
.13i
,133
,132
.129
.1255
.1205
.1135
.106
..097
.08~5
.077
.OZ%
,053
.040
.0275
●015
●0015

:052
●046
●041
.033
,0215
.013
,008
.0045
●002
.001 ,
0
0
*0005
●0015
.0025
,0035
.0035
.0035
.003
●002
●001
●0005
.0015
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W.A.C.A. TeohnioalNoteNo.308 Figs,l k 2
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%

Fi~.1Diagrammaticseotionoftheredesigned
VariableDensityWindTunnel.

.-. .—._. —. —..
Fig ,2 ModelslottedR.~.F.31airfoilandrriormting

forpressuredistributiontests.
1.3001U?.S

.
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section with H&ndley Pago slot showing location
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Pressuredistributiondiagram.SlottedR.A.F.31airfoil.
S>otfully open.
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Fig,9 d,angleof attack,+31°O!
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Pressuredistributiondiagram,SlottedR.A.F.31airfoil.
Slotfullyopen.
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Fig.10 Normal force coefficient.SlottedR.A.F. 31 airfoil.
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Fig.11 Clenterof pressure. SlottedR.A.F. 31 airfoil.
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